A Gram-stain-negative, pinkish-red, rod-shaped bacterium designated strain NKM1 T was isolated from soil samples contaminated with hexachlorocyclohexane isomers, collected from Ummari village, Lucknow, Uttar Pradesh, India. The strain was characterized by a polyphasic taxonomic approach. 16S rRNA gene sequence analysis showed that strain NKM1 T clustered exclusively with members of the genus Pontibacter of the family Cytophagaceae, phylum Bacteroidetes. The 16S rRNA gene sequence similarity to type strains of the genus Pontibacter ranged from 96.7 to 93.8 %, with the highest sequence similarity found with Pontibacter odishensis JC130 T (96.7 %). Cells of strain NKM1 T were aerobic, non-flagellated and non-motile. Strain NKM1 T was catalase-and oxidase-positive but negative for nitrate reduction and hydrolysis of gelatin. The major fatty acids in strain NKM1 T were anteiso-C 15 : 0 , iso-C 15 : 0 , C 16 : 0 , C 18 : 1 v9c and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c). The polar lipid profile of strain NKM1 T showed the presence of phosphatidylethanolamine and unknown glycolipids as well as aminolipids. sym-Homospermidine was found to be the major polyamine and menaquinone 7 (MK-7) was the major respiratory quinone. The DNA G+C content of strain NKM1 T was determined to be 58.6 mol%. Based on phenotypic, chemotaxonomic, physiological and biochemical evidence, it is proposed that isolate NKM1 T represents a novel species that belongs to the genus Pontibacter, for which the name Pontibacter ummariensis sp. nov. is proposed. The type strain is NKM1 T
The genus Pontibacter was described by Nedashkovskaya et al. (2005) and belongs to the family Cytophagaceae within the phylum Bacteroidetes. Species belonging to this genus are Gram-negative, rod-shaped, aerobic, heterotrophic bacteria with menaquinone 7 (MK-7) as the major respiratory quinone. At the time of writing, 23 species of genus Pontibacter have been described; however, the names 'Pontibacter salisaro' (Joung et al., 2011) , 'P. jeungdoensis' and 'P. rhizosphera' (Raichand et al., 2011) are not yet validly published (http://www.bacterio.net/pontibacter.html). Type strains of this genus are widely distributed and have been isolated mainly from soil samples, collected from deserts (Zhou et al., 2007; Cao et al., 2014; Subhash et al., 2014) , pond sediment (Singh et al., 2013 , solar salterns (Joung et al., 2011 Subhash et al., 2013) , forests (Dastager et al., 2010; Xu et al., 2012) , mountains (Srinivasan et al., 2014) , the plant rhizosphere (Raichand et al., 2011; Dai et al., 2014) and hexachlorocyclohexane (HCH) dumpsites (Dwivedi et al., 2013; Singh et al., 2014) . Apart from soil samples, strains have also been isolated from a marine coelenterate (Nedashkovskaya et al., 2005) , desert sand (Zhang et al., 2008; Xu et al., 2014) , sea water and muddy water (Suresh et al., 2006; Wang et al., 2010) . The present study was designed to characterize taxonomically a novel bacterial strain, NKM1 T , which formed a common clade within the genus Pontibacter.
In a continuation of our previous efforts to explore the culturable microbial diversity present in soil contaminated with HCH isomers using culture-dependent approaches (Singh et al., 2013 (Singh et al., , 2014 Kumar et al., 2015; Verma et al., 2015) , strain NKM1 T was isolated from soil collected in Ummari village, Lucknow, Uttar Pradesh, India (278 09 24.2640 N 818 89 57.5880 E) . For this purpose, soil samples were collected on 29 June 2014 and serially diluted with sterile 0.9 % NaCl. Serial dilutions were then spread on Luria-Bertani (LB) agar (HiMedia) plates supplemented with nystatin (20 mg ml 21 ) and streptomycin (10 mg ml 21 ) (Vanbroekhoven et al., 2004) . After incubation for 48 h at 28 8C, a pinkish-red colony was picked and subcultured several times to get a pure culture, later designated strain NKM1 T . Strain NKM1 T was routinely cultivated on LB agar at 28 8C and also preserved at 280 8C in LB broth (HiMedia) supplemented with 20 % (v/v) glycerol. A polyphasic approach (Vandamme et al., 1996; Kumar et al., 2015) was used to characterize NKM1 T . 16S rRNA gene sequence analysis followed by phenotypic and chemotaxonomic analyses confirmed that strain NKM1 T represents a novel species of the genus Pontibacter.
16S rRNA gene sequence analysis of strain NKM1 T was done using universal primers 8f, 341f, 786f and 1542r as described by Lane (1991) . Sanger sequencing was performed using an ABI 3700/3730XL sequencer (Applied Biosystems) at the Department of Plant and Molecular Biology, University of Delhi, South Campus, New Delhi, India. Sequencing Analysis version 5.1.1 (Applied Biosystems) and Clone Manager software version 5 were used to assemble the sequence manually. Identification of phylogenetic neighbours of the assembled 16S rRNA gene sequence of strain NKM1 T (1441 bp) was performed using the BLASTN program (Altschul et al., 1990) against the National Centre for Biotechnology Information non-redundant database (http://www.ncbi.nlm.nih.gov/) and also against the EzTaxon database containing type strains of prokaryote species with validly published names and representatives of uncultured phylotypes (Kim et al., 2012) . The top 30 sequences with the highest scores were then selected for the calculation of pairwise sequence similarity using a global alignment algorithm, which was implemented at the EzTaxon e-server (http://www.ezbiocloud.net/ eztaxon; Kim et al., 2012) . Strain NKM1 T showed the highest similarity to Pontibacter odishensis JC130 T (96.7 %), with sequence similarity to all neighbours with validly published names belonging to genus Pontibacter ranging from 96.7 to 93.8 %. The nearly full-length 16S rRNA gene sequences of closely related strains of strain NKM1 T were retrieved from the GenBank database for reconstruction of the phylogenetic tree. The 16S rRNA gene sequence of Erythrobacter odishensis JA747 T was used as outgroup for reconstruction of the phylogenetic tree. All selected sequences were aligned using CLUS-TAL_X version 2 (Larkin et al., 2007) . Sequence alignment was checked manually for quality and unaligned sequences were trimmed from the periphery. Phylogenetic analysis was performed using the MEGA software package version 6 (Tamura et al., 2013) . The distance model of Jukes & Cantor (1969) was used to calculate the evolutionary distance matrix and a phylogenetic tree was reconstructed using the neighbour-joining method of Saitou & Nei (1987) (Fig. 1 ). The evolutionary history was also inferred using the maximum-likelihood method (Felsenstein, 1981) and the maximum-parsimony method (Fig. 1 ). Statistical evaluation of the tree topology based on 1000 resamplings was performed using bootstrap analysis (Felsenstein, 1985) . Strain NKM1 T grouped in a clade containing exclusively members of the genus Pontibacter.
Cell shape and morphology in exponentially growing cultures of strain NKM1 T were examined using light (Eclipse E600; Nikon) and transmission electron (TEM 269D; Morgagni Fei) microscopy. Microscopic analyses revealed that cells of strain NKM1 T were rod-shaped and non-flagellated ( Fig. S1 , available in the online Supplementary Material). Gliding motility was tested with cells from a fresh LB broth culture. Gliding was determined using the hanging drop method (Bowman et al., 2003) and with motility agar (Farmer, 1999) . The tests showed that strain NKM1 T is non-motile. Strain NKM1 T showed optimum growth on LB agar and marine agar at 28 8C within 36 h of incubation, whereas limited growth was observed on nutrient agar and tryptic soya agar. No growth was seen when cultured on R2A agar. Colonies of strain NKM1 T were pinkish red and dry with rough, stretched margins. The Gram stain test was performed using a Gram staining kit (HiMedia), and strain NKM1 T was found to be Gram-stain negative. Kirby-Bauer antibiotic testing (KB testing or disc diffusion antibiotic sensitivity testing) (Bauer et al., 1966) was used to assess antibiotic sensitivity at 28 8C on Muller-Hinton II agar (HiMedia) with readymade antibiotic sensitivity discs (HiMedia) loaded with varying amounts of antibiotics. The antibiotics (mg antibiotic per disc) tested were: amikacin (30), ampicillin (10), chloramphenicol (30), ciprofloxacin (5), gentamicin (10), kanamycin (30), nalidixic acid (30), penicillin G (10), polymyxin B (300), rifampicin (5), oxytetracycline (30), tetracycline (30) and vancomycin (30). Strain NKM1 T was sensitive to ciprofloxacin, rifampicin, penicillin G, gentamicin, tetracycline, oxytetracycline, chloramphenicol, nalidixic acid, vancomycin and polymyxin B, whereas it was resistant to kanamycin, ampicillin and amikacin. Oxidase activity was tested using oxidase discs from HiMedia and N,N,N9,N9-tetramethyl 1,4-phenylenediamine reagent from bioMérieux. Catalase activity was tested by observing bubble production after adding 3 % (v/v) hydrogen peroxide solution to colonies grown on LB agar (McCarthy & Cross, 1984) . Citrate utilization was tested using Simmons' citrate agar (HiMedia). Strain NKM1 T was oxidase-and catalase-positive but did not utilize citrate. Hydrolysis of Tween 80 was checked according to Arden Jones et al. (1979) . Hydrolysis of gelatin, casein, aesculin and starch was determined as described by Cowan & Steel (1965) . Degradation of xanthine and hypoxanthine was determined as described by Gordon et al. (1974) . Assimilation of different carbohydrates was tested in basal media (Gordon et al., 1974) . To detect acid production by strain NKM1 T from carbohydrate metabolism, bromocresol purple was used as a pH indicator. Other physiological and biochemical properties were determined with the API 20NE and API 50CH systems (bioMérieux) according to the manufacturer's instructions. A comparative analysis of differential characteristics of strain NKM1 T and type strains of other species belonging to the genus Pontibacter is shown in Table 1 .
Strain NKM1 T was grown at 4, 10, 15, 28, 37, 45, 60 and 80 8C in LB broth (pH 7.4) to examine the temperature tolerance (Table 1) . Salinity tolerance was measured in LB medium prepared by adding all components separately and supplementing with 0-11 % (w/v) NaCl in increments of 1 %. For determination of the pH range for growth, strain NKM1 T was cultured in LB broth at 28 8C, after adjusting the medium (pH after autoclaving shown in parentheses) to pH 4.1 (4.2), 5.0 (5.1), 6.1 (6.2), 7.0 (7.0), 8.0 (7.7), 9.0 (8.4), 10.0 (9.1), 11.1 (9.5) and 12.1 (9.8) using appropriate buffers. Cell growth was determined by measuring the OD 600 . Salinity and pH tolerance tests were performed according to Arden Jones et al. (1979) at 28 8C. The DNA G+C content of strain NKM1 T was calculated using an Applied Biosystems 7500 Real-Time Thermocycler located at the Central Instrumentation Facility, Department of Zoology, University of Delhi, Delhi, India, by the method described by Gonzalez & Saiz-Jimenez (2002) . The DNA G+C content of strain NKM1 T was found to be 58.6 mol%.
Fatty acid methyl ester analysis was carried out at Royal Life Sciences, Secunderabad, India. A protocol (http://www. microbialid.com/PDF/TechNote_101.pdf) given by the Sherlock Microbial Identification System (MIDI) was used to standardize the physiological age of cells of strain NKM1 T . For this purpose, strain NKM1 T was grown on trypticase soy broth agar (HiMedia) for 24 h, after which two to four loops of inoculum were scraped from the third Fig. 1 . Neighbour-joining phylogenetic tree based on nearly complete 16S rRNA gene sequences showing the evolutionary relationship of strain NKM1 T with its close neighbours belonging to the phylum Bacteroidetes. Asterisks indicate branches that were also recovered using the maximum-likelihood and maximum-parsimony algorithms. Nearly complete 16S rRNA gene sequences were procured from GenBank (accession numbers given in parentheses). Erythrobacter odishensis JA747 T was taken as an outgroup. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (.70 %) with 1000 replicates are shown next to branch points. The tree is drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. Bar, 2 substitutions per 100 nucleotide positions. Table 1 . quadrant of a Petri dish followed by saponification, methylation and extraction as described by Miller (1982) and Kuykendall et al. (1988) . The fatty acid methyl ester mixtures were separated using the Sherlock Microbial Identification System and fatty acids were identified using the Aerobe TSBA 60 version 6.0B database (MIDI). The major fatty acids of strain NKM1 T were anteiso-C 15 : 0 (30.7 %), iso-C 15 : 0 (19.8 %), C 16 : 0 (11.1 %), C 18 : 1 v9c (10.4 %) and summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c; 5.7 %) ( Table 2 ). Qualitative and quantitative differences between the fatty acid profiles of strain NKM1 T and its closest relative P. odishensis JC130 T further suggest that strain NKM1 T represents a novel species of the genus Pontibacter.
Polar lipids were extracted from 100 mg lyophilized cell culture of strain NKM1 T using 10 ml extraction solvent containing chloroform/methanol/0.3 % NaCl (1 : 2 : 0.8, by vol.). Analysis of extracted polar lipids was performed by two-dimensional TLC using 969 cm silica-gel F 254 plates (Merck) as described by Bligh & Dyer (1959) . For this, the solvent system chloroform/methanol/water (65 : 24 : 4, by vol.) was used in the first direction and chloroform/ methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.) was used in the second direction. Aqueous primuline [1 % (w/v) dissolved in acetone] was sprayed on a first, dried TLC plate to detect polar lipids followed by visualization under UV light (Gupta et al., 2009) (Fig. S2a) . A second TLC plate was sprayed with 10 % (v/v) phosphomolybdic acid for the detection of total polar lipids (Gunstone & Jacobsberg, 1972) followed by charring at 120 8C for 15 min. Polar lipids appeared as dark-green spots on a yellowish-green background (Fig. S2b) . Additionally, a third TLC plate was sprayed with 0.2 % (w/v) ninhydrin reagent in absolute ethanol followed by heating at 120 8C for 5 min to detect lipids containing free amino groups (Consden & Gordon, 1948) . Polar lipids containing amino groups appeared as dark-pink spots on a white background ( Fig. S2c ). Major polar lipids present in strain NKM1 T were phosphatidylethanolamine, three unknown glycolipids, eight unknown aminolipids and five unknown polar lipids.
Quinones were extracted from 100 mg lyophilized cell mass using a 10 % aqueous solution of 0.3 % (w/v) NaCl in methanol and petroleum ether (60-80 8C boiling point) at a ratio of 1 : 1 (Collins et al., 1977) . The upper phase was collected and dried in a rotavapor (Buchi) and the residue was redissolved in 100 ml petroleum ether. The extract was loaded on a TLC plate (silica gel 60 F254, 20620 cm; Merck) using petroleum ether/ diethyl ether (85 : 15, v/v) as the running solvent system. The TLC plate was air-dried and visualized under UV light to detect quinones. The detected band of quinone was scraped from the TLC plate, dissolved in 2 ml diethyl ether and dried using a rotavapor. The residue was redissolved in 200 ml acetone (Merck) and identified by reversed-phase TLC using silica gel 60 RP-18F 254 S (10610 cm; Merck) and a polar developing mixture of acetone/water (99 : 1, v/v) as described by Collins et al. (1980) . MK-7 was found to be the major respiratory quinone of strain NKM1 T . Table 1. cont. Bacterial polyamines were extracted as described by Busse & Auling (1988) N-acetylglucosamine, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid are not oxidized. The 4-nitrophenyl b-D-galactopyranoside hydrolysis test is positive. Growth does not occur on D-galactose, D-fructose, glycerol, D-or L-arabinose, D-ribose, D-or L-xylose, D-adonitol, methyl b-D-xylopyranoside, L-sorbose, L-rhamnose, dulcitol, inositol, N-acetylglucosamine or glycogen. Major fatty acids are anteiso-C 15 : 0 , iso-C 15 : 0 , C 16 : 0 , C 18 : 1 v9c and summed feature 3 (C 16 : 1 v7c/C 16 : 1 v6c). The major quinone is MK-7. Phosphatidylethanolamine and other glycolipids and aminolipids are the major polar lipids, with minor amounts of several unidentified polar lipids. sym-Homospermidine is the major polyamine present.
The type strain, NKM1 T (5DSM 100161 T 5KCTC 42944 T 5 MCC 2777 T ), was isolated from a soil sample contaminated with HCH from Ummari village, Uttar Pradesh, India. The DNA G+C content of the type strain is 58.6 mol%. NR *Summed features are groups of two or three fatty acids that could not be separated by GLC with the MIDI System. Summed feature 1 contained C 13 : 0 3-OH and/or iso-C 15 : 1 H; summed feature 3 contained C 16 : 1 v7c and/or C 16 : 1 v6c; summed feature 4 contained anteiso-C 17 : 1 B and/or iso-C 17 : 1 I; summed feature 8 contained C 18 : 1 v6c and/or C 18 : 1 v7c; summed feature 9 contained 10-methyl C 16 : 0 and/or iso-C 17 : 1 v9c.
